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By Robert R .  G r e h a m  D: William Comer 

. .  
An investigation has boen conducted In the Imglejr 1 F f o o t  

pressme tunnel on a 42O eweptbmk w i n g  of aspect  ratio 4, taper 
r a t i o  0.623, and with HAW. 6 k r i e e  airfoil-section8 to study 
severcl proposed device8 for increesing the maximum Lift coef-. 
ficient ;and improving the long-tudinal stabi l i ty   chnrscter is t ice  
E? -sweptbs:ck w3ngs at the stall. Device8 Tnvostigeted individually 
and in combination were leadin-dge flaps and slate ,  trailing-edge 
Bglit and. extended s p l i t  f bps ,  uppe-eurfse spli t  flaps,  and uppsr- 
surface  fences. The devices were investigated with an+ without 9. 
fuselpge mounted on the w i n g .  The Reynolds nmber for the t e s t  
r e d t s  presented. was 6,840,000 but the effects of var:Ting the 
Reynolds number throq$l 8. range from 3,OoO,OOO t o  6,840,000 were . 
a lso investigated 'on 3 m e  configwatione. 
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berond m a x i m u m  l i f t .  Okkboard npper-surfaco flaps deflected up 30' , 
improved tho p i t c h i w m n t  characterist ics a t  the s L ~ 1 . l  f o r  those 
unst~tble configurations where only enall positLve pitching-moment 
Increatsee  occurred for angles of a t tsck beyonc'l tho stell. 

Devices fnvesti&a.ted were l e a d i n g d m  f'1c.p~ and slata, 
trailinpi-edge spl i t  and extended spl i t  flaps, uppr- surikca split 
flaps, a d  upper-surface fences. Tho device13 were investigated 
indivldudly and in various combinations on thg wing w L t h  and 
without a fusela@. The effects of the leading"e8ge f b q s  on 
the latere.1 s tabi l i ty   character is t ics  of the wing wlth ail wi5hout 
the fueelage were .also investigated. 

The main mr'b of tho i n v e s t l e t i o n  was conauctscl at a Reynolds 
nu%her of 6,840,000 but the effects of varying tho Reyno'Ldu numbel' 
through n r a m '  frm .3,OOO,OOO t o  6,8~+0,000 were determined f m  
sow of the  combimtiom. . 
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MODEL AIVD APPARATUS 
I 

The principal ,dimensions of tho wiw and fuoelege are Ehown .. 
in f igwe 2. The wing has an angle of sweepback. of 142' at the 
leading edge, an aspect r a t i o  of 4.01, a taper ratio of 0.625, 
and a i r f o i l  sections of NACA 61+-+12 perpelridicular t o  t h e  0.27 3 chord 
l ine.  The 0.273 chord line corresponds t o  the qw-r t ewhord  line of 
the panela before they were swept back. The t i p s  3re roundad off 
in both plan form and e leva t ion  boginnhg at 0.975 ' Tho wing hzs 
no geometric dihedral or twist .. . . 

.* 

5. 

Details of the m,r.ioua highAif% &nd s t d l - c o n t r o l  devic0;s 
teated on the wing a m  shown i n  figuro 3 .  The chord of the leading- 
edgo flep (fig.  3(a) ) wea epproxinately 14.3 parcent of the w i n g  
chord at the  t i p  and 8.5; percent a t  the root. The b- Inch -d iwte r  

tube at the leeding edge of the flap was about tho same radiw as 
the everwe l e s d i n w Q e  rad ius  of the wing. Figxre 4 shows the . 
flap installed on the w i n g .  The slat ( f ig .  3(b)) had the 8 m  
contour at the leading edge and on tha upper 8,urface as t he  basic 
wing. The wfng was cut out to fit the l ~ w e r  surfece of the slat 
so tha$ in t h e  retracted position the s1e.t f o m d  the leading oQe 
of tho wjng. Figure 5 shows the elat instel led on the wing. 
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The fences (fig. 3 ( g ) )  insba3led on the upper surface of the 
wing wore mounted in a vertfcel plane perallel  to the plene of 

' smt'ry. 

A shaq  lead- edge on the inbomd 9 percent of. the wing 
span was simulated by a l-inchd?ide thin metal &rfp which formed 
an extension of the chord plane. 

Tfie Ouselsge ( f ig ,  2) hed circnlar crom sections and ec 
fineness'ratio of 10.2 t o  1. The section of the fuselage 'inter- 
sect& by the w i n g  had a constant diameter. Percent-s' of this 
diameter were mod to f ix  the three  vertical  locations of the 
wing root 0.273 chord point with respect t o  the fuselage center 
l ine.  The locctions were 37.5 percent %elow, 0 percent, and 
37.5 percent above for the low-wlng,. midwing, and. hi&+ing 
fuselago cambimtions; respectively. In each of the .  three pod- 
t i o n s  the wing chord plane had a gosttive itmidence of 2O with . 
respect to the fuselege centor line. No f i l l e t s  w e r e  used b- 
the wing-f'welege juncture. The high-wlng fuselage combination 
is shown raounted f o r  testing i n  figure 6 .  

. .  

. The- tests were made i n  the Langley 19-foot prebsure tunnel 
v t th  the air in the t h l .  compressed . .  t o  & &msph&es. To 

obtain the  characterist ics of the wing w i t h  the various hi*lift 
ana stdx-control devicee', nsasukments df l i f t ,  drag, and 

3 
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pitching moment; were"imde through a range of angle of attack of the 
wing Prom near zero lfft t o  beyond maximum l i f t .  Stall charactelr- 
j .st ice were Btudied by m m  of visual observatfona of tWbs 
attached t o ,  the wing upper 5urfege Seglnning, at 20 percent of tho 
wing chord. Tho tests were made at a Reynolds number of 6,840,000 
ana a Mach number of 0.14, b t t  the e,ffects of varying the Reynolds 
nwber thr0u.gh.a range from 3,m,ooo to 6,840,000 wore detemined 
for. 80m configmatione. ' 

To o b t a b i ' k  indicatlon' of the effecta of the leading" 
flaps on .Lhe lateral stability characterist ics of tho w i n g .  
meaeuremehts were. mde of the lift;, ro l l i ng  moment, yawfng moment, 
m d  Bide force through a m e  of m@es o f  attack at  @ea of 
yaw of 0" and L?'. L l f t ,  drag, pjtching-rnorneht, rolling-moment, 
yawing-monaent, end aide-force msasiu'ements wore ah0 made through 
a rango of ang le  of yaw, a t '  e n  &@e of attack of 19.5O. The yaw 
tests wem made at a Reynolds numbor of 4,350,000 and a Mach numbor 
of. 0.10. , 

i n  figure 6 ( ~ )  and for the yaw tes ts  in  figure B(b). 
The model mounted i n  the tunno1 for tho pftch -Lest8 is shown 

The data pxsented heroin have been corrected for taro and 
interference effects of the model eupporte and for jet-boundarg 
effects as discussed in reference 1. 

The resul ts  of the teets of the variom'high-lift and stall- 
control  devices on the w3ng alone are slrmmarized i n  t n b l e  I a d  
on the wing-fuselage combin?.tions hl.t.zble TI. More complete 
data for some of the  configurationu t ea ted  a re  presented in  
figures 7 to 22. 

Characteristtce of Wing with Parlou~1-%vices' 

hcrding-edge flap8.- The effects of! the loading-edg.3 flaps of 
var iow spans on the c6aracterist ice of the wing with En9 without 
traflling-edge flap8 are s h m .  tn figure 7 and sre swnwrizod in 
table T. Thg leading-edge flaps. extended the lift curve of the  
wing by delaying the stall to a higher angle 02 st.t;ack ana, 
consequently, a higher l i f t  coefficient. Tho increment in C 

increased rapfdly as t he ,  span of the lead$& edge flap apprmcheb 
f'ull wlng spem, When, the leading-edge flaps coverocl o ~ l y  t h e  outer 

h x  
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The dstp for these tests were obtafned af'ter the w i n g  leading 
' edge,waa modified t o .  Incorporate .the retracted d a t ,  and. the maximum 

1ift.coefficient of the basic conffguration was about 0.1 lower than 
that shown P or  the oorresgondin@; configuration in figure 7(b) 
.(obtpimd before modification) . The ei"feat8 of the uppezwwrface 

> flepe presented herein are believed t o  be unaffected by the wing 

of the &del were noted 
flaps were deflected. 'lb 
the span or deflect ion of 
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S h w ~  leaaim e&.- k tests of a a0 meptback delta ~ n g  
in the Langley ful1-Scal.e tunnel, installing e s 3 a q  leading eQe 
on the inboard sections of the w i n g  brought about a lwge bcrease  
fn the nex9mwu lift coefficient. A si~nilw Installation oa t h i e  
w i n g ,  05 lower meepback caused a reduction in C 

destabilizing effect on the pi tch inwment  curve f o r  the  cond9tiona 
OF s p l i t  flaps off or on. (See fig. 13.1 ' The sharp leading edge 
reduced the rmximum value* of C and cauod C, to become , 

I.lmsx andhaaa 

z* \Ir 
positive  near 

%' 

however, w b r e  stalling occurred inboard, the presence 02 the 
fuselege b . d  Important effects on anb on the  s tab i l i ty  

As in the cam of the wing alone, the r n x j m ~ ~ ~ ~  lift coefficients 
of the wing-fuselage combinations increased myid3.g when the span 
of the leading-edge f lap  m a  extended inboard and EL span wa8 raaclrea 
beyond which further  increaeea inboad reeulted in unfavorable 
chanps in the p i t c h i w o m n t  curve. (See table II and f ig .  3.4. ) . 
This c r l t i c a l  flap span which genemJly was  lower then that for the . 

wing alone ranged between 0.575 and 0.7'25 b-. T h  c r i t i c a l  flap 2 2 
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possible for  t h i s  wtng with leading edge and split f laps '  and f o r  
,the varjouB fueelago combinat.ione ranged from 1.44 t o  I .55. 
(%e table 11.) 

A8d'ing the  fuselage  in the' midwhg 'or hi&xhg combinations 
decreased the drag coerficient E ~ B  it did i n  the tests of reference 3 
n l th  s p l i t  f h p S  on and leeding-edge flaTs off ,  Apparently e highly 
fmorable Interference  effect  exists f o r  these winefuselage c o n f i p  
rations when the s p l i t  flaps are on the wing. Adding the  fuselage 
In the  luw-wing position, however, increased the drag coefficient 
%bout 0.0?5. Unpubliehed d a t e .  obtained  fromtho tests of thls model 
show8d tlmt with leadin&odge flaps added t o  the low-wing fuselage 
combiwtion, f i l i i n g  i n  the .cnt-out in the e p l i t   f k p s  increased 
the drw cceff'icient about 0.017. ' I f  t h i s  of f sc t  w e r e  accounted 
for, , the  romaidng increase in drag coefficient of 0.010 caused 
by the 1ow-win.g fwolage would be of the a- mgnltud-e 'as that 
observed i n  the  teets 'of reference.3 and is probrtbly due to adverse 
interference effects. . 

When uppe-Mace fences were added to the midwina fuselzge 
combfnation t r i th  e i ther  the 0.575 or 0.725 E-- spm Ieadlng-eQe 

flaps (table a), the longitudinal-Ettabil i ty  chmcterist ica were 
improved Just below the maximum l i f t  coefficiont as a result of 
res t r ic t fng  the stalled regions t o  area8 fnboazd of tho fences. 
WSth the 0.725 3- ep.n flcps, the maxim l i fe  coefficient wa8 

increaaed  but the fences were not effective enough to keop the 
flnal flow bmdkdown at 2 5 O  angb 02 .attack from occurring a t  
the w i n g  tips, resu l t ing   in   ins taBi l i ty  at the s t a l l .  An 
additional. second palr of fences  located at thQ 0.45 g- span 

&=tion dLd not improve the characterietics of th2.s combination. 
L 

The ree f i t s  of tests with uppl..-Blirfacs f l a p s  extending from 

the 0.4 8 t o  0.7 $-span stationa and deflectecl .up 30" on the 

midwin@;-fuselage combination wfth 0.725 E- span l ead inwdge  flaps 

rn summarized i n  ta3le II. The positive displacement i n  the 
pitching-nomnt  coefficient  caused by deflecting the uppeytervflace 
flaps, which decreased as the stall wa8 aFprrlached, m.s not large 
enough to off set the final unstable break be3Fond th s  maximum lift 
coefficient. This arrangement of outboard snlit f lape therefore 
appears t o  improve thepttching-mment  characteristics at the stall 
f o r  unstable  conflguratlons where the change In pitching moment 
fS O n l y  El ight ly  608itiVe. 

I' 
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A n  attempt was &de t o  obtain  higher C, v d u e a  while 
"-?ax 

u 

Uppr-surf aca fencos ha.& the sme ef fecta as w o r e  noted for  
the fuselage-off slat confiprat ion and the Suselas-on, laadi+ 
eae.-clzp COnfi@W&tiOnS, 

5 

b 

Ths mw..rrimm lift coefficfenh f a r  the elaCU-Tence combhations 
were s l i & t l y  gmster than those f o r  tbm 1eedLngeQe flap of 
corresponding apm, but they occurred at comicbrebly hi@er nzlgles 
of ettack, a8 a result of a large aecrease in  lift-curvo slope 
at e. moderate an@e of attack. Since the usable angles of attach 
for lnsding conditions are usual12 limited by geometricel considera- 
tfons, a comparison of l i f t  ohmacteristics &ofid be msde at c. 
ccnatmt rtngle of attack. On this bagla the 1cadin-d.cfo f lap  was 
supericr to tho slat at angles of a t t w k  up t o  2l0; (See figs. 3.4, 
1.7, axla- 19.1 
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Thyough most of the lift range the values of the drag coef- 
f ic ien t  f o r  the  slat-fence  combinetione were =bout 0.03- hiFher 
+.hm those for the le%ding"edge flaps of correspondin2 span. 

-.- Yaw ckarncter is t ics  with leeding-edw f l m c  .- The chmmter- 

i s t i c s  of the winG i n  yaw with 0.725 k-apan lead.ing:-odcs fln.?a 

and selnilapan spliit flaas and the e f fec t s  of e. midwing fuocI.a@ on 
thoae chx*acter is l ics  m e  presented i n  f igures  21 and ??. Compmioon 
o f  YiBu7:e 21 with corresponding d&a from referenca 3 chowa that 
the varlahion of tho . la teral-s t r tbi l i ty  parametera, CZq,  Cnq, m? 

Cy wfth lift coefficient i s  approximately tho g a m  f o r  t h  wing 

with ler,d.j.ng-edge PJ.rzp3 as 'Tor %ha wing withoEt the  lecding-edge 
i '10 .p~ but that the me,ximum values of these p o r m t e r a .  wero increased 
by en a t m e i o n  ,017 the lineail portion of the c u m 6 8  to a Irlghar 
?.ift cmprLcient, %'he v d u e  of Ct obtained ?.t E l i f t   coe f f i c ion t  

:y 
of 1.40 wzs 0.0076 corresponding to an effectivo d i k a e a l  of &bout Po 
on wingc? OF t h i s  plan f o m .  The midwing fueo2c.gc IEd approximately 
the Bame e f f o c t  en the la te ra l - s tab i l i ty  parmeters of the wl.ng w i t h  
l a t 2 d i w d t e  flay e.3 on the pe.rameters of tho wing without loading- 
edge f1.r.p~. 

2 

tf 

The results o? e n  investigation of seveml high-lift and stall- 
control devices on 8. 42O meptback wing indicate  the following 
conclusions: 

1. A combination of l e a d i n g - e d e  high-lift devices over t h e  
cluter portion of tha wing with trafI , in@+Jdge flcps ovdr tlla inner 
portion of the wing appears to offer a so lu t ion   to  the prbblein of 
obtaining 8 reaeonabla m a x i m u m  l if l ;   coofficicnt and longltudinally 
stable   character is t ics  at tho stall for* ewe?tb.-;k .wiwo, 01" L l m  
two leadingddge  devices  Investigated, f l ap  and slat, tho l e a d i n p  
edge f lnp 'had  the  bet ter   charscter is t fcs .  



- *  3 Ths Installation of upper-saxface fences f o r  confl@ra- 
tlm with lea&ing-edge devices improved. the longitua9nal  stability 
characteristics jwt below the d m u 7 1 r  l i f t  ooefficient  but had 
l i t t l e  offect beyond maxhunt Llf't, 

4, Outboard uppor-surface f laps deflected up 30° improved the 
pitching-rmuent charcacteristics at the stall Sorathose unstable 
configurations where only -11 pitching-moment increases occurred 
f o r  angles of ettsck beyond the S k u .  
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f iwre  2.- Geometry o f  42" swept-buck wihg and fuseloge. Aspect 
rufio = 4.0/; taper ratio =0.625 ; arm= 4643 s9 in. ; c' = 34.7 in. No 
dihedral or twist. hll drinensions  in inches.) 
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Figure 4. - Leading-edge flap mounted on wing. 
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' (a) 0.725b-span slat on wing with midwing ?uselage. 
2 

(b) 0.575"span slat and upper surface fences on wing alone. 

Figure 5. - Installation of slat on wing. 

b 
2 
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(a) Front view 0% high-wing fuselage combination on normal supports. 

Figure 6.- Model mounted in Langley 19-foot pressure tunnel. 
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(b) Rear view of midwiryr €uselage combination on yaw support. 

Figure 0.- Concluded. 
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(a) Leading-edge ffups off. (&) Leuding-edge f i t  OR. 

figure 8.- Effect of 0.575$ spun Ieudng- edge flu' on stulfing 

churocferistics of 42" swepfbuck wing wifh split flups. 
R = 6,840,000. 
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Gross flow stalled 
htht tent ly  ComWely 

sfalled 

Figure /5.- Effect of /euding-edge flup spun und fusehge 
posifion on sfu/ling  churucferisfics of 4 2 O  swepfbuck 
wing wifh sp/if f/ups. R= 6,840,000. 
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